Background: Cassava (Manihot esculentaCrantz
INTRODUCTION
Cassava (Manihot esculenta Crantz, Euphorbiaceae) is the staple food of about 800 million people across the world (FAO, 2000) . It is produced mainly for its roots and leaves (Ngome et al., 2013; Temegne et al., 2015a) . Cassava is grown in all the five agroecological zones of Cameroon and is one of the most important food crops. Cassava can grow and produce acceptable yields in poor soils with low nutrient available (Temegne et al., 2015a) . However, cassava production in Cameroon is still below consumption requirements. In addition, demographic projections forecast an increase in world population. This increase in population growth far exceeds that of agricultural production. The challenge for agricultural research is to contribute to increasing agricultural productivity through improved crop yields and the use of intrinsic capabilities of local accessions tolerance to diseases. To properly use these local varieties, it is imperative to identify them, to characterize them and eliminate duplicates in the collections. Lin (1991) emphasizes that the agro-morphological characterization is fundamental in order to provide information for plant breeding programs. The objective of this work was to characterize local cassava accessions collected in two agro-ecological zones of Cameroon to facilitate development of improved varieties.
MATERIALS AND METHODS

Plant material
The plant material (Table 1) was made up of 89 cassava accessions collected between January and March 2015 from the Centre, South and East Regions (Humid Forest agro-ecological zone); and in the Adamawa Region (Guinea Savannah agro-ecological zone). However a few accessions were collected from the Western and Littoral Regions.
Study site
This study was conducted at the experimental farm of IRAD Nkolbisson (N3°51'57''-3°52', E11°27'31''-11°27'36"). The Nkolbisson station is located in the humid forest agro-ecological zone with bimodal rainfall, in the Yaoundé VII Sub Division. The average daily air temperature ranges from 23-24 °C. It is characterized by rainfall from 1600 to 1800 mm per year. The site is also characterized by haplic ferralsol usually acidic. The area is governed by a Guinean equatorial climate with four seasons: a long rainy season from September to November, a long dry season from December to February, a short rainy season from March to June and a short dry season from July to August (Ngome et al., 2013) .
Field trial
Cassava cuttings of 20-30 cm in length were planted at a distance of 1 m by 1m in March 2015. Each of the accessions had a total of 20 stands in two lines. Manual weeding and herbicide application were done as required. No fertilizer was applied. Harvesting was done 12 months after planting.
Data collection
Based on morphological and agronomic descriptors cassava as presented by Fukuda et al. (2010) , the quantitative (Table 2 ) and qualitative (Table 3) parameters were recorded at three, six, nine and twelve months after planting.
Statistical analysis of the data
Data on qualitative and quantitative characters were analysed separately. For the quantitative traits the statistical analyses were performed only on root yield using the SNK (Student and Newman-keuls) tests at 5% in order to group the accessions. The average classification was performed only on a character because of the great variability among accessions. The data were processed by principal component analysis (PCA) using Minitab 16 Statistical, SPSS and SAS 9.2 (Statistical Analysis Software) softwares. PCA and correlation matrices are used to explore the links between the quantitative traits, identify and define the main characteristics of groups of accessions. Descriptive statistics (means, standard deviation, minimum, maximum, variance and coefficient of variation) and correlation coefficients analysis were computed for quantitative data. The hierarchical classification tree by UPGMA (Unweighted pair group method with arithmetic mean) automatically created groups of accessions according to the importance of the variables considered. These groups included accessions that have almost the same characteristics from the homogeneity of the elements of a class criterion (Volle, 1981) . This clustering method was used for both qualitative and quantitative data. For qualitative data, descriptive statistics, multiple correspondence analysis and clustering analysis were computed.
RESULTS AND DISCUSSION
Results
Accessions No. 49 (Green petioles) and 81 (Mbam) were very seriously affected by Cassava Mosaic Virus particularly after six months of planting. These two accessions were eliminated as data collection after six months. 
Frequency distribution of accessions according to qualitative characters
Only 12% of local accessions had hair on their apical leaves. Approximately 46% of accessions had red petioles, 37% greenish-red petioles, 16% purple petioles and 1% yellowish-green petioles ( Figure 1 ). Nearly half of the accessions (45%) had green leaf vein, 50% reddish-green (16.09% reddish-green in less than half of the lobe, 34.48% reddish-green in more than half of the lobe) and 5% red. Petioles of most accessions were horizontal (34.48%) and inclined downwards (26.44%), 24% had petioles inclined upward and 14.94% irregular petioles. Over 90% of the studied accessions had green leaves (48% light green, dark green 44%) and sweet roots (93%). Accessions with white (59) and red (27) cortex were predominant. Out of all the accessions studied, 60.92% had cylindrical, 16.09% conicalcylindrical, 12.64% conical and 10.34% irregular plant shape ( Figure 1 ). 
Representation of variables of qualitative characters
Generally, the factors having eigenvalue greater than 1 are retained. The model overview table in SPSS produced on the basis of this criterion 22 factors. But only the first 10 dimensions were presented in Table  4 .The objective of Multiple Correspondence Analysis (MCA) is to provide interpretable visualization of complex-variable space. The meaning given to the axes (dimensions) and analysis of proximities between variables and conditions are usually made from the factorial planes. Thus, only the first factorial plan was retained. The first two dimensions (first factorial plan) allow explaining about 32.2% of the original variance (Table 4 ). The strongly correlated traits ( 
Dendogram from 35 qualitative characters
On the cluster analysis for qualitative traits, the accessions were classified in three groups (Figure 3) . The first group comprises of accessions 9, 97, 10, 85, 24, 75, 48, 58, 80, 60, 50, 84, 28, 36, 88, 95, 96, 30, 64, 31, 71, 77, 57 et 87 . The second group includes the accessions 13, 34, 29, 42, 14, 16, 21, 45, 73, 38, 39, 43, 93, 94, 15, 17, 35, 66, 25, 86, 27, 53, 47, 68, 41, 72, 90, 37, 51, 54, 92, 19, 22, 20, 89, 62, 67 , 79 et 91. The last group brings together accessions 11, 12, 65, 61, 33, 59, 18, 44, 23, 76, 56, 26, 40, 55, 78, 32, 46, 52, 74, 63, 69, 70 , 82 et 83. Table 1 Descriptive statistics of quantitative traits
The cassava accessions revealed variability for the fourteen evaluated quantitative morphological characters (Table 6 ). The range of values produced were 1.7 to 4.1 m for plant height, 2 to 22 for the number of fresh storage roots per plant, 2 to 18 for the number of fresh commercial roots per plant, 14 to 30.3 cm for the length of leaf lobe, 4 to 8.5 for width of leaf lobe, 2.1 to 6.5 for the ratio length/width lobe, 5 to 9 for number of leaf lobes, 14.5 to 36 for petiole length, 1.5 to 17.5 kg for the fresh root weight, 0.5 to 17 kg for weight of shoot, 2.3 to 34.5 kg for total plant biomass and 0.06 to 0.8 for harvest index (Table 6 ). Coefficients of variation range from 11.85% (number of leaf lobes) to 55.75% (weight of shoot). Of the 14 quantitative traits studied, 7 had high coefficients of variation (CV> 20%). Seven (7) others exhibit low variations. The variability among the cassava accessions for all quantitative characters was demonstrated by significant differences (P<0.05) ( Table  6) . 
Correlation matrix of quantitative traits
The correlation table shows that plant height was significantly and positively correlated to all the quantitative traits, except harvest index where it is significantly and negatively correlated (Table 7) . Height to first branching is very highly significantly (p<0.001), r 2 : 0.618) correlated with angle of branching and width of leaf lobe (p<0.01, r 2 : 0.186). A very highly significant difference (p<0.001) was observed between width and length of leaf lobe and ratio length/width lobe ( 
Representation of variables of quantitative traits
According to the Kaiser criterion, dimensions (axes) with its own value greater than 1 must be kept for proper representation of variables. These dimensions are provided by the PCA. According to the criterion of the elbow, on the scree of values, there is a breakage (elbow or knee flexion) followed by a steady decline. Then the axes are selected before the breakage. According to these two criteria, the first five axes are preserved. Their values are respectively 4.394, 1.921, 1.742, 1.497 and 1.217 (Table 8 ). The first five principal components best explains the diversity of cassava accessions. The five main components represent 76.90% share of information. The first factorial plane (1-2) contains 31.40% of the original variance data (Table   8 , Figure 4 ). The variables significantly correlated with axe 1 are: total plant biomass (90.5%), shoot weight (85.4%), root yield (83.1%), number of commercial roots (80.1%), number of storage roots (79%), length of leaf lobe (51.5%) and petiole length (47.4%). The variables significantly correlated to the axe 2 are: angle of branching (78.6%), height to first branching (66.8%), ratio length/width lobe (-63.5%) and width of leaf lobe (54.4%). The variables significantly related to axe 3 are: plant height (60.9%), length of leaf lobe (48.8%), number of leaf lobes (48.5%) and petiole length (44.5%). The variables significantly correlated to the axe 4 are: ratio length/width lobe (-62%) and width of leaf lobe (51%). The variables significantly correlated to the axe 5 are: harvest index (66%) ( Table 8 , Figure 4 ). 
Dendogram from 14 quantitative traits
Hierarchical classification grouped accessions into three classes almost with the same characteristics as a function of the variables ( Figure 5 , Table 9 ). Group 1 consisted mainly of accessions with low yields. The group 2 essentially comprised of middle-yield accessions. The group 3 is mostly composed of highyield accessions. , 17, 10, 34, 53, 28, 30, 29, 16, 24, 25, 86, 40, 45, 58, 66, 80, 71, 95, 97, 37, 51, 38, 39, 62, 41, 84, 74, 72, 76, 78, 85, 54, 77, 79, 91, 15, 50, 82, 55, 56, 67, 57, 83, 18, 63, 19, 20, 22, 60, 21, 42, 96, 44, 75, 64, 68, 2 11, 12, 65, 59, 61, 70, 33, 69 3 13, 27, 26, 47, 92, 48, 52, 14, 23, 36, 43, 89, 31, 35, 32, 90, 46, 93, 94, 87, 73, 88 Codes of cultivars are showed in Table 1 .
Accessions classification according to root yield
Mean structuring tests of Student and Newman-Keuls were used to classify the average of character roots yield (Table 10 ). According to this classification, seven local accessions (No. 52, 48, 47, 27, 69, 26 and 86) can be selected for the varietal improvement program. quantitative characters. According to Vieira et al. (2011) , this variability could be explained by the presence of improved and unimproved accessions of different origins. Indeed, the characteristics of some local accessions were similar to those of improved varieties produced by IRAD. The farmers could have domesticated and renamed these improved varieties.
The difference between these cassava accessions could also be explained by the existence of genotypic difference (Temegne et al., 2015a) . Plant height was significantly correlated to all the quantitative traits. Indeed, Agre et al. (2015) showed that plant height is the principal character that is significantly and positively correlated with the height to first plant branching, the number of roots per plant, the fresh root yield and the number of leaf lobes. The correlation data constitutes an important tool in the selection of characters to include in cassava breeding programs.
The first two components explain 31.40% of the total cumulative variance. This result is similar of those of Afonso et al. (2014) who found 32.56% to the first factorial plane. This is justified by the fact that it was included many main component. It can also be explained by the fact that the variance distribution is associated with the nature and number of characters used in the analysis and focuses on the first principal components. For interpretation of factorial axes of quantitative characters, it is observed that the first axe is related to cassava production (yield). The second axe is the axe of the plant habit (plant shape). The third axe is an axe which refers to the dimensions of the plant. The fourth and fifth axes are relative to the distribution of biomass. It follows from the above analysis that the five (5) axes have a fairly precise meaning and refer to specific traits.
Seven local accessions (No. 52, 48, 47, 27, 69, 26 and 86) can be selected for the varietal improvement program according to root yield. Indeed, despite the attacks of pests (mites, mealybugs, African cochineal of roots and tubers) and diseases (mosaic virus cassava, anthracnose, and cassava bacterial blight), these accessions were able to maintain a biomass and a high yield. These accessions may possess the genes that confer tolerance to pests and diseases. The seven best accessions have yields of from 9 to 13 t/ha. Indeed, the works of IRAD (2008) and Temegne et al. (2015a ) show that local cassava varieties have a yield potential ranging between 10-12 t/ha. The work of Agre et al. (2015) in Benin has shown that the best local accession had a yield of 5.8*10 4 kg/ha (weight of fresh root: 5.8 kg). So the best local cassava accession of Cameroon has a yield (17.5*10 4 kg/ha) three times higher than the highest accession of Benin. Although Cameroonian soils as soils of sub-Saharan African countries is deficient in nutrients (FAO, 2003; Ngome et al., 2013; Temegne et al., 2015b) , its nutrient composition is greater compared to the soils of Benin (Mbogne et al., 2015) . The majority of low-yielding accessions in roots showed a growth of the aerial part (weight of shoot) more important than that of the underground part (ry). Nutrient translocation would in this case preferentially to the stems at the expense of tuberous roots. The low yield of some accessions can also be explained by their susceptibility to disease and pests. These perturb physiology and reduce normal plant growth.
CONCLUSION
The aim of this study was to perform agro-morphological characterization of local cassava accessions collected in two agro-ecological zones of Cameroon. The great variability among accessions and ranking them in groups based on agro-morphological characteristics showed that there are opportunities for plant breeding. However, this work should be completed by characterizing cassava accessions in other agro-ecological zones of Cameroon. Molecular characterization of the cassava accessions is also imperative to further refine the characteristics of these accessions and eliminate repeats in the germplasm collection of IRAD.
